INTRODUCTION
was prepared according to the standard procedure given for Czapek solution agar (Emmons et al. 1977) with the modiTannins are naturally occurring plant polyphenolic comfication that 0·5% yeast extract (S.D. Fine Chemicals, pounds that have wide-ranging effects on animals and Bombay, India) was added to it. The pH range used was from microbes (Waterman and Mole 1994) . In animals, especially 1·0 to 9·0 and incubation temperatures tested ranged from ruminants, these effects include decreased feed intake, lower 15°C to 45°C. The inoculated flasks were incubated for 7 d nutrient utilization and toxicity at higher intake levels (Van with intermittent shaking, and the mycelial dry mass was Soest 1994). Tannins have long been considered toxic to determined as a measure of fungal growth. The estimation of micro-organisms, and this activity is mainly due to enzyme fungal growth was done by the method of Farias et al. (1992) . inhibition and substrate deprivation, action on membranes, and metal ion deprivation (Reed 1995) . Nevertheless, some fungi, yeasts and bacteria are quite resistant to tannins and Tannin tolerance studies can also degrade them (Scalbert 1991 ; Saxena et al. 1996) . A strain of Aspergillus niger van Tieghem has been reported to Tannin tolerance was determined after the optimum pH and possess tannin-protein complex degrading activity (Bhat et temperature required for growth were established. For these al. 1996) . The aim of the present study was to ascertain, by studies, Mildew test broth was used as a basal medium with determining its growth characteristics, the ability of this funsodium nitrate as the nitrogen source, to which varying congal strain to tolerate and grow at varying concentrations of centrations of tannins were added as the sole source of carbon hydrolysable and condensed types of tannins when used as and energy. The composition of the basal medium (g −1 ) was : the sole source of carbon and energy. sodium nitrate, 3·0 ; dipotassium phosphate, 1·0 ; magnesium sulphate, 0·25 ; potassium chloride, 0·25. The solutions of tannins of various concentrations were filter sterilized using
MATERIALS AND METHODS
a cellulose nitrate membrane of 25 mm diameter and 0·45 mm
Micro-organism and culture conditions
pore size (Whatman Ltd, Maidstone, UK). The pH of the broth as well as tannin solution was adjusted to 5·0 and Aspergillus niger van Tieghem, originally isolated at this institution and now maintained at the Microbial Type Culture filter sterilized tannin solution was added to the autoclaved medium. These inoculated flasks were also incubated for 7 d Collection & Gene Bank Centre, Institute of Microbial Technology, Chandigarh, India as strain no. MTCC 2425, was at 30°C with intermittent shaking, and the tannin tolerance of this fungal strain was determined by estimation of its used in the present studies. The growth studies were carried out using 50 ml of medium in 250-ml conical flasks. Czapek mycelial dry mass (Farias et al. 1992) . Tannic acid (TA) and quebracho tannin (QT) were used yeast extract broth was used for finding out the optimum pH and temperature for the growth of the fungus. The medium as hydrolysable and condensed types of tannins, respectively. TA, analytical grade, was obtained from Qualigens Fine Chemicals, Bombay, India. QT, a spray dried extract of the cardiaceae), was a kind gift from Trask Chem Corporation, as high as 70 g l −1 (Nelson et al. 1995) and 100 g l −1 (Scalbert 1991) of this polyphenolic compound. However, the ability Marietta, GA, USA. All other chemicals used were of analytical grade.
of this fungal strain to degrade both types of tannins at concentrations as high as 150 g l −1 without any growth inhiEach experiment was repeated three times and the data presented are means of triplicate determinations.
bition is unusual, and not reported previously. Further studies are in progress on the capability of this fungal isolate to break down other phenolic compounds like gallic acid,
RESULTS AND DISCUSSION
pyrogallol and catechols, and the effects of these monomers and polyphenols on its tannin degradation pathway. Exper-A pH range of 3·5-6·5, with an optimum of 5·0, and a temperature range of 20-40°C, with an optimum of 30°C, imental work along the line of earlier studies (Makkar et al. 1994 ) also needs to be taken up on the ability of this fungal was found to support vigorous growth of the fungus in Czapek yeast extract medium. The results of the growth studies on strain to degrade tannins preferentially in tannin-rich substrates such as oak leaves, with a minimum loss of dry matter tannin are shown in Fig. 1 . It was evident that the fungus was able to tolerate high levels of tannins in the test medium or easily digestible carbohydrates. and utilize them as a sole carbon and energy source up to a level of 150 g l −1 (15%), without its growth being inhibited.
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